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September 5, 1986

.a8er photodetachment of the rxcess clectron to neutralize relativistic
lons offers many advantages over the more conventional collisional methods
using gases or thin foils as the neutralization agents. Several of these
advantages are delineated In Fig. 3 and will be expanded upon in the rest of
this document. Probably the two most important advantages of laser photode-
tachment are the generation of a compact and low divergence beam, and the
production of intense neutral beams at very high efficlency (approximately
90%). The high Intensities or high current densities of the neutral beam
result from the fixed maximum divergence that can be added to the beam by
photodetachment of the charge using laser intensity of fixed wavelength and
Incident angle. The high neutralization efficlency 1s possible because there
{s no theoretical maximum to the neutralization efficiency, although higher
efficiunclies require higher laser powers and, therefore, costs. Additional
advantages include focusabllity of the laser light onto the ion beam to maxi-
mize its efflcacy. There certalnly ls no residual gas left in the partlcle
beam path aa is typleal with gas ncutrallzers. The photodetnchment process
leaves the noutral atoms In the ground state so there is no execited state
fluorecacence to {nterfere with the subsequent beam sensing. Finally, ainece the
beams to be noeutralized are very high powered, for a large range of neutrallza-
tion efffeirnaics the neutral beam can be Increased more by lnereaslng the
powWwer L the laser neutralizser than by addling an equal amount of power to the
primary accclerator.

The neutrailzation chamber in {ts conceptional confipuration s |1lun-
teated In Fig. N, Thly chamber must contaln the laser beam for o very large
number of panses beecauae the small absorption coefficient. characterint.ie of the
lon Logether with the very smalo denslty of lons precludes any signifieant
abreeptlinn oft the beam by the Inona,  The only measurable lons of the l1aser
photong eomens from the multiple reflections wlithin the chamber.  Ef'ffe{ent
uttl st ion of Lhe 1aner photons requiven thal. Lhe mirror surfacens hive yory
high vreflectivity, botweon 0,999 and 01,9999, and that. Lhe chamber geometry
permlt o very fbarge number of pasoen theough the chamber Lo Lake advanbape of
the high reflectivity. A very high-powered Taaer beam 1o focuned onto the axlin
oft Lthe chamber with the bheam polnted at an anggle such that. Lhe beam will not
fmmediately encape out off Lhe enbranee aper e, The eyl inderteal chamber wil |
repeatedly focns the heam baek onto the axda, an DHTanteated in Flge ¢, untl |
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the beam has made many transits through the chamber and finally makes its way
back to the entrance aperturec and escapes. The unit magnification characteris-
tic of cylinders makes many opticAal aberrations vanish, which lnsures faithful
replication of the focus on the multiple passes,

The axlally integrated intensity as a function of the distance from the
axis of the chamber is displayed in Fig. 6 for a large number of Gaussian beams
fincident on the axis from all angles. The iIntensity falls off as 1/r for large
radil but is sharply peaked on the axis wher2 it can effectively neutralize the
lon beam. For comparison purposes, the constituent lasei' beam 138 displayed
together with the Gaussian particle beam.

The laser power required to neutralize the lon beam using the Integrated
intensity profile as shown in Fig. 6 has been evaluated and is displayed in
Fig. 7. The calculation performed to determine the functional relationship
displayed in the figure has assumed that the mirror surface has a reflectivity
of 0.9999 and that the chamber has bee:l designed to effcctively use up all of
the incoming laser photons. The cAalculations were performed to map out the
geometric and laser intensity parameter space. Tt was found that for a large
portion of this parameter space there was a minimum In the power required to
achleve a flxed neutralization fraction. To achleve this minimum in the laser
power required that the laser be tightly focused and that the laser be ex-
tremely intense on the axis of the neutralizer. Quantitatively, the character-
istic diameter of the 1aser beam must be smaller than the Gaussian diameter of
the particle beaa and the neutralization must be near 99% (the transmitted
fons, n, must be near 1% of the lncident ions, n,: n/n, = 0.01)., Also dis-
playad in the flgure arce two less than ldeal con?iguratlons for comparison
purposes. One chows that for n laser beam larger than the particle beam sig-
nifleuatl, more lascr power is required. The other shows that less than 99%
neutralization on axis configurations will asymptote to a lower maximum neu-
trallzation fraction. Both of these results appear intuitively correct. There
are two Ilmportant nspects of thils figure that must be noted. Onc Is that the
laser power Is lincarly dependent on the particle beam dlameter so the results
displayed are for o nominal 1-cm beam. The other is Lhat laser power genceratoes
a speeified neutrallzatlon fractlon Independent of the particle beam current,
This latter characteristic Is a consecquence of the fact that no noticeable
number of photona are lost to Lhe neutralization proceuns.

The neutlral beam generated by the laser photodetiachment has much preater
Intens.tlea or beam current densltiecs In the far-field on-targel than any
colliaional neoutrailzation method, The comparat.ive Intenaities are {1 lustrated
in Flg. 8 where Lhe contributions of the two elasaea of neutralizers Lo the
beam divergence aroe compared.  In the figure, the contributlonn of Jhe neutral-
fzern are 1llusteated anly and the aceelerator Ia aasumed Lo generate an fdead
plane wave of zoro divergence, 1L In clear Lhat. Lthe peak Intenmily genepataod
by the lasor perocean Ia al leant flve Limea grealter Lthan Lhat of Lho ool -
oionally neatralfzed beam,  The disteibution tliuateated for Lhe Tager procena
In characterintic of Lthat oblatned feom o Taner beam polartzed in the direetjon
Nl propagatinon of Lhe fon beam,  The eallintonnl peneralted curve 1o reprenenta
Live oft Lhe oxperimentally determined characteriation of sueh neatreal izt lion
nehemen,  The Pactor off b La made up o two components, an delineated In
Flg. 9. The rieat of theao 1o the Inercane o neatealiznt Ion feom 5%, ox-
peeted from eollisional nealealization, ta the value of 0%, which may he



expected from !aser processcs. The second is the elimination of the high angle
wings in the scattering profile whi.ch are characteristic of the c¢ollisional
neutralization. There is a very important distinetion betwevn the two nnu-
tralizatisn methods that is quite obvious from the figure. The 1/e¢ point for
both of the far flelud diatrlbutinns are quite asimilar in value. However,
neither of the diatributions are faussian in shape, In fact they are essen-
tially opposites in character, one with extremnly extended wings and the other
with a very distinectively shiarp culoff. [t is olear that the simple comparison
between the becam widths at thelr 1/e {ntensiiy points can generate very mis-
leading conclusions. Since the officacy of neutral beams in the far field is
proportional to the intensity or current deisity that can be generated at that
point, the above comparison illustrated In Fig, 8 and summarized in Fig. 9 Is
the more valid one.

One of the unlque features of the lanser photodetachment ncutralization is
the tunable divergence avalilable from the adjusting of Lhe laser wavelength.
By using lascrs of longer wiavelengtng with photon cnerglen eloser to the photo-
detachment threahold of 0.7% ¢V, Lhe oxeess cnergy imparted to the ejected
elecetron ls reduced, thereby reducling the neutral beam divergence. Unfortu-
nately, as thls wivelength i3 Increased, the absorption cross sectlion de-
creaanrs, requiring proportional increases In laser energy. The magnitude of
these effects are illustrated In Flg. 10 where the divergences are compared, at
fixed Incldence angle, for excltation wavelengths corresponding to nominal
raeductions In the absorption cross section. EBEach factor-of-two reduction in
the erogs neetian Wil require a nominal factor-of-two increaa~ In the laser
power. Thia ylelda o rough estimnte of the costs of generating tightly focuand
beams.  Sinee Lhe beam intennity in the far fleld 1s Inverscely proportional to
the aquare of Lhe dlvergenern, the ratio of the Intenslty to the 1aser power s
still Incereasing even at the smalleat eoross scetlon for which Lhe caleulatinn
wan performed,

Shpnlfleant. progroan hag boen miade toward developing Lhe Lechnology for
photodelaching Lhe oxcoyn oleeotron on the polatlviatlie {on as aummarizoed In
Fig., 11. An aptieal tranaporlh code has been weltter and veritiod which aiin now
her uned Lo dealpgn and evaluate neutralizer geometriea. The eode hag beoon
veriried on apherfeal poometries where the dealgn results ean be comparsd Lo
analyLle ronulta,  The [nltial dealgna that. have been genorated by Lhin code
have demonateated thal, 10,4 panagen can be pual Into a chamber whlch has o chare-
acteristic dimenaion which !'a 14 Limea Lhe [aner beam diameter, 1L wan found
that the chamber had Lo have a 8% ecccenbrelelly ellipLieal croan aection Lo Keoj
Lhe Taner bheam from walking out. of Lhe particle beam apertures,

Ther pesulls of Lhe deslpgn ealaulationn are displayed In Figa, 10, 13, and
1, The polnts In Flg. 12 are Lhe placod where Lhe coenteal ray of Lhe Lo
beaim Louche: Lhe chamber surface en Lhe more Lhian one Lhousand veflect ionn Lhal
onceur Inafde the chamber,  Aloo diaplayed n bhe Taser beam enteanee spertaes:
whi-sh Livoalas the slge of that beam. The e loclor 1o oo Lo be peapely
spherleal with Junh enongh ot lHiptical cecentelelly (68) Lo Lurn the step wlse
motion ff the heam Intoepsectlons around before Lhe boam marchen cal off Ve
pairtlele beoun aperturen., It La geen that vhe peflection apoks beeome denner in
The turn around eeprl-omn buts Che chamber suefaee o quite aniformly eovered,



The ohlate »11ipsoldal geometry of the chambor has some distlnclive prop-
erties. One of thrse Ia illustrated [in Flg. 13 whaere it 13 seen thal the beams
alteraately pass through the elliptieal foei, This means that the noutraliza-
tion occurs prodominantly in twn lncatliona. There is : algnifiocant advantage
to the two-point neutralization bechuse any space charge-induced divergenca
should be cancelable by applieation of ~n external finld. The axial view of
the chamber ia displayed In Fig. 14 which {llustrates Lhe fiact that Lhe central
ray of every beam passaes through the axis, proving that the highest intensity in
the chamber is indead on the axis of thoe neutralizer.

Now that this code is operational, thoere are several important {asucs that
ean be addreased and answered, several of which are 1istesd in Fig. 15. Designs
af many differont geometries can be prepared and compared. Maximum beam pack-
Ing dvnsaity designa ean be obtained and the relationshlip between the maximum
number of beam passes and the chamber size determined. The code has the option
to propagate 18 many as flve mays Lo more fully characterlze the laser beam,
Exorciaing this optlon will permit ovaluation of the focusing and aberration
characteriaties of the cramber. In additlon, Lhe Lolerances required in the
manufncturn, and the input conditions required to okbtain maximum utillzation of
the deviee, both can be ovaluated.

Sinee the sucecas of the laser neutralization Is so critically dependont
an the generation of large-arceia, ultra-high-raflectivity mirrors, a program hnas
benn Inftlated tn develop the metrolopgy for ovaluating these mirrors. To thise
ond, two deviees have been set up: 4 ealorimeter to monsure the abaolute
abaorpt.ion loas of any mirror and a ring-down device to measure the total
reflectivity of high-refleetivity mirrors. The achematie of the ealorimetor la
shown In Fig. 16. It conaistsg of a vacuum chamber In which are mounted Lwo
mirerars an {dontieal substrates, one of which will be exponed tn laaer 11lumi-
nat lon and Lhe o'her which han a resistanee hoater bonded Ly {ts surface. The
mirrara are apecially eoibed on thin, 1ow Lthermal mass subatrates Lo {mprove
Lhe aennltlvity of Lhe measureomenl,.  The sample mireor 19 then exponed Lo
radlatlon from a 10-N lan-r. By maintaining the aeccond mirror, which {8 in an
identieal environment, @l Lhe same Lompeeature an the flest unlag the roeslallve
heater, Lhe lager power abnorbed In thae fleat mirror can be acee etely dotepe-
mined, Measurement. sensftivity of 10 gW han been obtalned whiel ylelda 1-ppM
renulta, Sample mirrors have beon meansured Lo have abaorpllon loases in the
80~ Lo 1,0-ppM inge which s elone U Lhat. which would be acceplable for the
negt.ealizer application,

T meaere the total refleclivity or Lolal mirror lons which o erlbieal
Lo Lthe noutrallaer peprformanee, a ring-down devies has been cvvmbled. The
arcuracy of relloctlvity measurement.s which ecompare Lhe peflectoed Inbennlty L,
the Incldent. Intennlly becomen anaccepltable when the mireors have reffloctiy:
[L1eg of ME - grealoer, T make measremenls on higher roflectivity mlireoras,
new Lechnlquea have had Lo be dovoloped whileh Inelade Lhe rlng dawn devloe
which I shown selematieally In Fleg, 17, Thin measuroment technlgue usen he
Facl. that Hight. can be teapped witnin a0 regenant. devies for meanueeablo pops foas
af tiae I the Toanen within the roponalor e st lolent ly Tow,  The Himla
Lione o the teohnlgee inelude aulteh of C Limea forr Lhee aner T Huminat Ton and
Lhe proflect [ylly off The pesioqietoe mierorn which misnt be within an orddep nff
mapgnl e of the tample miveor. An oogample of data taken on a ring dewn dev]on
I s=hewn In Filg, M. 0 o e, That the temparal decay of Lhe Hight In the



resonator is very accurately exponential sver useveral characteriucie lifetimes.
This device is admirably suited for mecasuring reflectivities in the range
between 0.999 and 0.9999.

The photos in Figs. 19 and 20 display the l1aboratory in which both instru-
ments are situated, tne calorimeter belng 4 vacuum box located in the back of
the room and the ring-down device located on the closer optical table. The
Nd: YAG laser powering both Instruments is also on the optical table. The
comments made in Fig. 21 summarize the status of theae instruments at this
present time. .

A new idea for neutralizing ion brams has becn generated recently which
combines some of the good features of both the laser and collisional schemes.
It employs laser-generated atomic-excited-states to collisionally neutralize
thr fons. The exclited states of the atoms should have collisional cross sec-
tiona as anch as 10 times that of the ground-state atoms. In addition, because
of the very high atomic optienl absorption cross sections, much less laser
power should be required to maintain the required excited-state populations.
The result as stated in Flg. 22 is that the new scheme shculd require almos=t 10
times less laser power and the effoective divergence of the nautral beam should
br greatly reduced because 10 times 1233 colllsion partners are required.

The achematic of the proposed process 1s displayed in Fig. ?3. An atomic
boam 18 projected across the path of the ion beam. The area of intersection is
{!luminated un both sides with Intense laser radiation. The illumination is
acalad to replenish fluorescence 1osses and to ensure an adequate density of
exelted atoma.  Beciuse of the high absorption cross section of the ground-
state atoms, tre {nteraction reglon will be optically thlck and the fluores-
~onee within the medium will be trapped.

The potentinl advintages of this exclted atom neutralization iuve summa-
rised In Fig. I, The cross sectlons for cnllisional electron detiachment
ghould inerecase by aa mueh an an order of magnlitude. Such enhancements of the
aroag nect.long hag heen obacrved at low onerglies bul must be verlficod nt high
onergy for Lhla application,  The Inereased cross section permits o propor-
tional reductlon in Lhe atom dennlty required to achloeve the noutrallzatlon,
The lower dennity of aealterlng atomn should significantly reduce Lhe hlph-
angle seattering which would greatly lnereane the Intenglty on target in the
far fleld,

The amount. of laner {1[Tuminatlon would b alpnifieantly reduced From Lhat
required to do dirceet pholodebtachment. of the Ian'n electron,  The roduction in
the power prequfrement, eomen 'rom Lhe high abaoeplion crosg seetlons of Lhe
gronund atate toman and Lhe jroncevation of Lhe oxeltation within the Inteeae-
Lion volume by resonimes Lranping.

The program alt Lo Alamos o dipected at anoswering Lthe moat. enftleal
Pavigen i carly o oponadble an Histed In Fleg. oS0 Theso Ineluade the goometed e
dealgn of Lhe newteral satbon chamber oo Vhe phyaleal constealnta can e under
stond and evalisted,  Also hiigh reflootivity mireopra must. e develloped and Lhe
means Por o evalad fng them eatabl ished, The Lheesholdas for opliceal and parbtlelo



damage must be measured t> ensure the compatibility of the mirrors in the
system environment. Finally, the design and availability of high-powered
lasers must be established.

In summary, laser-based neutralization of the ion beams offers many dis-
tinct advantages over otner competing technologies. Among these, as listed in
Fig. 26, are the high neutralization efficiency available with this process and
the compact beam profile which is generated which produces very high intensi-
ties or current densities in the far field. Since the beam powers ~ill be very
large in the proposed applicatlons, there will be a large region in the opera-
tional space where the beam can be Increased more by increasing the power to
the neutralizer lasers than the primary accelerator. The proof of principle of
the process can be demonstrated, at low pulse repetition rate, with presently
available high-energy lasers. High average power lasers for the eventual
process application will require significant development. The efficlency and
versatility of the laser prncess makes it the most promising technology for
application to the final deployed neutral beam generator.
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LASER NEUTRALIZER HAS
MANY ADVANTAGES

® LOW BEAM DIVERGENCE

® HIGH NEUTRALIZAT!ON EFFICIENCY

® FOCUSABLE NEUTRALIZATION MEDIUM

© NO EFFLUENT NEAR BEAM PATH

® HIGH LEVERAGE

® NO FLUORESCENCE TO INTERFERE WITH
BEAM SENSING

FIG. 3 CHM-VG~-7984 A



FIG. 4

NEUTRALIZATION CHAMBER
IS AN OPTICAL RELAY SYSTEM

] NEUTRAL
/{ BEAM

CYLINDRICAL GEOMETRY
PERMITS MULTIPLE INDPUTS

T _R0O27



APLANATIC OPTICAL CHAMBER
ACCURATELY RELAYS BEAM FOCUS

UNIT MAGNIFICATION
ASSURES FAITHFUL
REPLICATION OF FOCUS <— 2f 2f —>
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NORMALIZED BEAM INTENSITY

MULTIPASS NEUTRALIZER MAXIMIZES
LASER AND PARTICLE BEAM OVERLAP ON AXIS

0.5

1 | 1 [ |

CONSTITUENT
LASER BEAM

NORMAI_IZED RADIUS (R/wl)
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NEUTRALIZER LASER POWER NORMALIZED TO

PARTICLE BEAM DIAMETER

ELECTRICAL POWER (MW/cm)
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RELATIVE CURRENT DENSITIES

1.0

0.5

LASER NEUTRALIZATION DELIVERS
HIGHER INTENSITIES ON TARGET
THAN COLLISIONAL NEUTRALIZATION

T | i I I T !

LASER
NEUTRALIZATION

|

COLLISIONAL
NEUTRALIZATION\ -
| ! 1 { | |
1.5 ] 05 0 0.5 ] 1.5 2

RELATIVE DIVERGENCE
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LASER NEUTRALIZATION MINIMIZES
BEAM DIVERGENCE AND INCREASES
CURRENT DENSITY ON TARGET

® PEAK CURRENT DENSITY INCREASED BY
FACTOR OF FIVE (5)

— INCREASED NEUTRALIZATION YIELDS
FACTOR OF 1.6

— REDUCED DIVERGENCE YIELDS
FACTOR OF 3.3

® POLARIZED ILLUMINATION REDUCES
DIVERGENCE 30% FROM UNPOLARIZED

CHM-VG-11,053



LASER NEUTRALIZATION MINIMIZES
BEAM DIVERGENCE

EXCITATICN ABSORPTION

WAVELENGTH CROSS SECTION DIVERGENCE
(um) (10 ~l6cm?) (1 rad)
1.06 0.4 1.07
1.6 0.2 0.56

1.75 0.1 0.42

CHM-VG-9918A



THREE DIMENSIONAL OPTICAL DESIGN
CODE IS OPERATIONAL

BEAM CONTAINMENT FOR 1,023 PASSES DEMONSTRATED
- CENTRAL RAY CALCULATIONS
- 5% ECCENTRICITY ELLIPSE

CHAMBER DIMENSIONS 15x PARTICLE BEAM DIAMETER
- LASER BEAM DIAMETER 3/4 OF PARTICLE BEAM

CODE VALIDITY VERIFIED BY CALCULATIONS ON SPHERICAL
GEOMETRIES

CHM -VvG -11,042



1023 PASS CONFINEMENT CAVITY
DPESIGN DEMONSTRATED

A © - o TowiA NEUTRAL
BEAM sl T e T s nE BEAM

.
.

2

[+
\.
e
L
ra
.. I‘

O LASER
ENTRANCE
APERTURE

e LASER BEAM (CENTRAL RAY) REFLECTIONS AT
NEUTRALIZER SURFACE : SHOWN AS DOTS

® ELLIPTICAL CROSS SECTION : 5% ECCENTRICITY

TIG. 2 CHM-VG-11,055



ELLIPTICAL GEOMETRY FOCUSES LIGHT

NEUTRAL
GEAM

ION
BEAM

LASER !NPUT

® FIRST 250 PASSES OF CENTRAL RAYS

CHM-VG-11,057



CYLINDRICAL CHAMBER SENDS ALL
LASER BEAMS THROUGH CHAMBER AXIS

/T ////’ 7

()

PARTICLE
BEAM

ENTRANCE
APERTURE

® FiAST 300 PASSES CF CENTRAL RAYS

CHM-~VG-11,058



OPERATING OPTICAL TRANSPORT CODE
ADVANCES DESIGN AND OPTIMIZATION
PROGRAMS

e PERMITS DESIGN OF LARGE "PASS-NUMBER" DEVICES
RICH GEOMETRICAL PARAMETER SPACE TO BE EXPLORED
- RAY PACKING DENSITY INCREASES POSSIBLE

e EVALUATION OF BEAM FCCUSING
CODE OPTION TRACES AUXILIARY RAYS
MULTIPLE FOCUSING AND ABERATIONS CAN BE EVALUATED

e OPTICAL FIGURE REQUIREMENTS CAN BE EVALUATED
- FABRICATION TOLERANCES CAN BE DETERMINED

CHM -VG—11,04]



LASER CALORIMETER MEASURES
PPM ABSORPTION

ABSORPTION
SAMPLE
LASER 1 ﬂ
[ ow T I >
BALANCE Hg
VACUUM SAMPLE
ENCLOSURE

® TEMPERATURE BALANCE GIVES ABSORBED POWER

- ELECTRICAL POWER TO BALANCE SAMPLE EQUALS
ABSORBED POWER

- LOW MASS SUBSTRATES

- MATCHED GEOMETRIES

- LOW VACUUM / HIGH THERMAL ISOLATION

® PPM ACCURACY FROM 10u W SENSITIVITY

® MEASURED 80 - 120 PPM ABSORPTION
- 99% REFLECTOR : 29 LAYER 2r0,/SiO, ON FUSED SILICA

CHM-vVG-11,014

FIG. 16



CAVITY RING DOWN MEASURES
HIGH REFLECTIVITIES

LASER REFLECTOMETER
/___/\« — /_A\
HC O

E/O “~— SAMPLE
SWITCH TELESCOPE

g

® REFLECTIVITY AND TOTAL LOSS MEASURED
BY TEMPORAL DECAY OF TRAPPED LIGHT

- EXPONENTIAL DECAY = LENGTH / ¢ / LOSS
- LOSS OF 10-3/ m GIVES 3us DECAY

® SENSITIVITY LIMITED BY REFLECTOMETER
MIRRORS AND LIGHT SWITCHING

- SAMPLE LOSS MEASUREMENT LIMITED TO 10%
OF REFLECTOMETER MIRROR LOSSES

- LIGHT SWITCH PLACED INTRARESONATOR TO KILL
LASING AND ISOLATE FLUORESCENCE FROM
REFLECTOMETER

CHM-VG-11,017
FIG. 17



FIG. 18

REFLECTOMETER PERFORMANCE
HIGHLY PREDICTABLE AND SENSITIVE
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HIGH REFLECTIVITY MIRROR
CHARACTERIZATION REQUIRE
STATE-OF-THE-ART TECHNOLOGY

o LASER CALORIMETER MEASURE ppm ABSORPTIONS
- NOW OPERATIONAL
- TEST SAMPLES BEING EVALUATED

e RING DOWN RESONATOR MEASURES TOTAL LOSS
IN THE 10-3 OR LESS (0.999 or greater reflectivity) RANGE
- INSTRUMENT COMPONENTS OBTAINED
- ASSEMBLY AND TEST IN PROGRESS

FIG. 21 CHM - VG — 11,037



ADVANCED CONCEPT NEUTRALIZER
COMBINES ADVANTAGES OF LASER AND
COLLISION NEUTRALIZATION

LASER GENERATED EXCITED-STATE ATOMS ARE 10x
BETTER THAN GROUND STATE ATOMS FOR
NEUTRALIZATION AND USE 10x LESS LASER POWER
THAN CONVENTIONAL LASER NEUTRALIZERS.

FIG. 22

CHM -VG - 11,040



EXCITED STATE NEUTRALIZATION
FROM USES FOCUSED LASER EXCITATION

PUMPS AND LOW DENSITY GAS
g LASER

EXCITATION

GAS NOZZLE

NEUTRAL BEAM

\

Q

ION BEAM

LASER
EXCITATION

DIFFUSER

TIG. 23

CHM-VG-11,061



EXCITED-STATE NEUTRALIZERS HAVE LARGE
POTENTIAL ADVANTAGES

e ELECTRON DETACHMENT CROSS SECTIONS ARE PROBABLY 10x LARGER
THAN GROUND STATE

- ORDER OF MAGNITUDE COLLISIONAL ENHANCEMENTS HAVE BEEN MEASURED
AT LOW ENERGIES

- HIGH ENERGY ENHANCEMENTS MUST BE VERIFIED

- GAS FLOW REDUCE BY FACTOR OF 10
e LASER ILLUMINATION IS EFFICIENTLY USED

- GROUND STATE ATOMS (Li, Na, etc.) HAVE HIGH ABSORPTION CROSS SECTIONS

- EXCITATION PRESERVED BY RESONANCE TRAPPING

- LASER POWER REQUIRED IS 2 kW/cm OF BEAM vs 10 - 20 kW/cm FOR
CONVENTIONAL LASER NEUTRALIZER

e PARTICLE BEAM DIVERGENCE IS REDUCED
- GAS DENSITY PER cm2 REDUCED BY FACTOR OF 10

FIG. 24
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LOS ALAMOS PROGRAM ADDRESSES
CRITICAL ISSUES

® BEAM CONTAINMENT CHAMBER

- TRANSPORT CODE FOR HIGH F-NUMBER,
MULTIPASS OPTICAL SYSTEMS

® HIGH REFLECTIVITY MIRRORS

- COATING DEVELOPMENT

- RADIATION AND OPTICAL DAMAGE TESTING

® HIGH-POWER LASER DEVELOPMENT

rIG. 23 CHM - VG -9869



LASER NEUTRALIZER COMPLETES
OPTIMAL BEAM SYSTEM

® MORE NEUTRAL BEAM CAN BE GENERATED BY
ADDING POWER TO THE LASER THAN TO THE
ACCELERATOR

® REDUCES DIVERGENCE

- ENHANCE RANGE
- REDUCE POWER

REDUCE OUTPUT APERTURE

® PROOF OF PRINCIPLE CAN BE DONE WITH
PRESENT DAY TECHNOLOGY

® GREAT PGTENTIAL FOR IMPROVEMENT WITH
DEVELOPMENT

CHM—-VG—7993 A



